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The pathogenesis of anuria following shock. Although the older
literature mentioned several observations of acute renal failure
after shock, this condition was not considered a distinct morbid
entity until World War II. In spite of extensive work, its patho-
genesis is not yet fully understood. Suppressed glomerular
filtration or tubular back-diffusion of the filtrate or both are
major possible mechanisms. We report the results of investi-
gations performed in seven patients with acute anuria and in
eight subjects with normal renal function. All were studied by a
multiple indicator-dilution method in which the total renal
blood flow and the renal distribution volumes of indocyanine
green, 51Cr-EDTA and 24Na were determined. In normal sub-
jects three compartments probably represent the vascular vol-
ume, the vascular volume and the interstitial spaces, and the
vascular volume, the interstitial spaces and parts of the tubular
system, respectively. In anuria the renal blood flow averaged
46% of the normal values, and the distribution volume of 24Na,
in reference to kidney size, was significantly decreased. This
observation is consistent with a suppression of glomerular
filtration. The apparent lack of correlation with relatively well
preserved total blood flow may be due to a combination of
afferent vasoconstriction and efferent vasodilation. This view
is supported by low filtration fractions found in clearance
measurements performed during the polyuric phase. It would
account for the failure of renal vasodilatators to promote
diuresis in anuria, since all substances so far tested predominantly
cause efferent relaxation. Prostaglandin E1 may, indeed, pro-
duce a 200% increase in renal blood flow without restoring
urine flow.
La pathogénie du rein du choc. En dépit de quelques observa-
tions anciennes d'anurie consecutive au choc, cette affection n'a
été considérée comme une entité nosologique que depuis Ia
dernière guerre mondiale, et sa pathogénie n'est pas encore
élucidée. Deux mécanismes peuvent être envisages: abolition de
Ia filtration glomerulaire et/ou reabsorption complete de I'urine
tubulaire. A l'aide d'une technique de dilution a indicateurs
multiples, nous avons mesuré chez sept anuriques et huit sujets
normaux le flux sanguin renal et les volumes rénaux de distri-
bution de l'indocyanine, de l'EDTA-51Cr et du 24Na. Normale-
ment ces trois compartiments reprCsentent probablement le
volume vasculaire, Ia somme du volume vasculaire et des espaces
interstitiels et Ia somme du volume vasculaire, des espaces
interstitiels et d'une partie du système tubulaire. Chez les anuri-
ques le flux sanguin renal était en moyenne de 46% de Ia normale
et Ic volume de distribution du 24Na, rapporté au volume du
rein, était abaissé de facon significative. Cette observation sem-
ble indiquer ]'abolition de Ia filtration glomerulaire. 1a contra-
diction apparente avec l'existence d'un flux sanguin relative-
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ment prCservC peut s'expliquer par le relfichement de l'artériole
efférente. Cette hypothese est corroborée par l'abaissement de Ia
fraction filtrée au décours de l'anurie. Elle rendrait compte de
l'impuissance des vasodilatateurs rénaux a rétablir Ia diurèse,
puisque ces substances dilatent surtout l'artèriole efférente.
C'est ainsi que Ia perfusion de prostaglandine E1 dans l'artèrc
rénale peut tripler le flux sanguin renal sans abolir l'anurie.
It is surprising that in the past acute renal failure
after shock was not considered a distinct morbid
entity. In animals, anuria after transfusion with blood
of other species was first described in 1875 by Ponfick
[1]. in man, there is little doubt that many cases were
observed after surgery, severe injuries, hemorrhages
and mismatched transfusions a long time before the
condition was rediscovered in 1941 by Bywaters and
Beall [2]. In the late editions of his book Principles and
Practice of Medicine, which appeared in the early years
of this century, Osler stated that renal failure could be
produced by various poisons, infections, burns,
traumas and major surgery [3]. During World War 1,
German authors observed acute renal failure in
soldiers who had been buried under heavy masses of
earth when trench walls collapsed [4, 5]. As only tubu-
lar lesions were seen on postmortem examination, the
anuria was thought to be due to circulatory disturb-
ances of the kidney ("vasomotorische Nephrose") or
to tubular obstruction caused by myoglobin casts.
Between the two wars, a few reports dealt with renal
failure following severe injuries [6] or incompatible
blood transfusions [7]. It is strange that Volhard [8]
did not recognize the importance of these descriptions
and, indeed, hardly mentioned them in 1931, when he
proposed his classification of Bright's disease. Among
other textbooks appearing at that time, a chapter
devoted to acute anuria can be found only in the
"Kidney Section" of Nouveau Traité de Médecine,
published in 1929 by Widal, Lemierre and Vallery-
Radot [9]. These authors not only described the
clinical picture of acute nephropathies due to various
poisons, but also mentioned that anuria might compli-
Anuria following shock 107
cate abdominal trauma, intestinal obstruction, peri-
tonitis, gall bladder stones, severe dehydration, uro-
genital operations and ureteral catheterization. In
these cases the cause of anuria was assumed to be
either a nervous reflex leading to renal vasocon-
striction, or a fall in blood pressure following a re-
duction of the blood volume. Tubular obstruction and
interstitial edema were considered to play a role
only in toxic nephropathies.
After World War II, a large number of studies were
performed in many parts of the world and contrib-
uted much to clarify the causes, clinical picture and
morbid anatomy of acute renal failure. At the same
time, the development of peritoneal dialysis and
hemodialysis markedly improved the prognosis in
this condition. En contrast, the pathogenesis of acute
renal failure after shock is still uncertain.
Although the renal symptoms of mercuric chloride
poisoning and traumatic shock may be very similar,
the anatomical lesions are different. Renal poisoning
produces extensive tubular necrosis, tubular obstruc-
tion and interstitial edema. In anuria following shock,
the damage of the tubules is relatively slight. Oliver,
MacDowell and Tracy convincingly showed 20 years
ago with microdissection studies that it consists of a
patchy disruption of the tubular basement membrane
[10]. Also, there is a swelling of the proximal epithe-
hum and a dilatation of the tubules; a few cells are
necrotic or at least exhibit regressive changes on
electron microscopy. There is no obvious tubular
obstruction, and interstitial edema is not always
present [11—16].
It is not too difficult to correlate the functional
breakdown with the structural changes in renal
poisoning. The necrotic cells could allow passive
diffusion of the glomerular filtrate [17]; tubular
obstruction might raise the proximal tubular pressure
and thus reduce the effective filtration pressure [18];
and interstitial edema would reduce renal blood flow
and glomerular filtration rate [16]. En anuria following
shock, tubular obstruction does not seem to occur and
there is no increase in interstitial pressure [19, 20]. The
only two possible explanations would seem to be
suppression of the glomerular filtration as a conse-
quence of circulatory disturbances and total back-
diffusion of the tubular fluid. Both factors might also
operate simultaneously, and we agree with the state-
ment of Oliver et al that "the constellational or field
concept should be applied to the elucidation of what
must surely be an infinite collocation of related
phenomena" [21]. Nonetheless, the clinician may wish
to know more about the relative significance of these
factors, as a better understanding of pathogenesis
might have practical implications. For instance, if the
sustained anuria after shock is mainly due to renal
ischemia, it should be possible to restore diuresis by
means of appropriate vasoactive drugs.
The possible importance of renal vasoconstriction
was first suggested by l-lackradt in 1917 [4]. Some
experimental and clinical support for this hypothesis
was provided later by various investigators [22—26],
although at that time there was no reliable method to
measure renal blood flow in anuric subjects. In more
recent years the development of gas diffusion [27],
indicator-dilution [28, 29] and isotope washout tech-
niques [30] have permitted satisfactory estimations of
renal circulation rate. The total renal blood flow was
found to be reduced to between one-fourth and one-
half of normal and the cortical flow was decreased
more than the total flow [27—29, 3 1—33]. At present,
several investigators believe that cortical ischemia is
entirely responsible for the development of anuria
[31, 341.
The results from investigations in anuric animals are
conflicting. Some data are consistent with the concept
of suppressed filtration [34, 35], whereas other data
suggest total reabsorption of the tubular fluid [17,
36—39]. Unfortunately, most of the models used to
produce acute renal failure in animals bear little
resemblance to the human type of shock anuria.
Injections of glycerol, mercuric chloride and uranium
nitrate usually result in severe tubular necrosis and
these changes are more comparable to the lesions of
toxic nephropathy in man.
Whereas in animals it is possible to measure the
glomerular filtration rate by micropuncture or micro-
dissection techniques, indirect methods must be used
in anuric man. Recently, we applied a multiple indi-
cator-dilution technique to the study of this problem
[40]. A brief report of those results follows.
The investigations were performed in eight subjects
with normal kidney function and in seven patients with
acute anuria following shock. One renal artery and the
ipsilateral renal vein were catheterized by means of
the Seldinger technique. The indicators were injected
rapidly into the renal artery. Renal venous blood was
withdrawn at a constant rate through a scintillation
counter and a photoelectric cuvette. It was therefore
possible to record simultaneously two indicator-
dilution curves. In addition to renal blood flow, the
renal distribution volumes (DV) of indocyanine green,
51Cr-EDTA (instead of inuhin) and 24Na were also
determined. In normal subjects these DV's were
assumed to represent the following compartments:
1. As indocyanine green circulates predominantly
within the vessels, its DV approximates the vascular
volume.
2. 51Cr-EDTA, like inulin, is distributed within the
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vessels and the interstitial spaces. Its DV does not
include the tubular system, since the filtered fraction of
the indicator escapes reabsorption and does not
reappear in the renal vein.
3. 2Na is distributed within the vessels, the inter-
stitial spaces and, also, the tubular system, since most
of the filtered Na is reabsorbed rapidly.
If these assumptions are valid, then the pathogenic
mechanisms involved in acute anuria might modify the
three compartments in a predictable manner. Two
different patterns are conceivable. If glomerular
filtration were abolished, the 24Na would have no
access to the tubules and its DV would be decreased.
On the contrary, if glomerular filtration were preserved
and back-diffusion occurred, the DV of 51Cr-EDTA
would increase and approach that of 24Na. Additional
factors might include a reduction in all three compart-
ments due to vasoconstriction and an increase in the
DV of 51Cr-EDTA and 24Na because of interstitial
edema.
The results of our investigations were consistent
with the hypothesis that glomerular filtration was
suppressed. In anuria renal blood flow was on the
average reduced to 46% of the normal values (P <
0.001). The vascular volume was not significantly
altered. The average 24Na/51Cr-EDTA DV ratio fell
from 1.51 in normal subjects to 1.13 in anuric patients
(P<0.00l). The changes in the sizes of these two
compartments were relatively small (10% increase in
the DV of 51Cr-EDTA and 18% decrease in the DV
of 24Na), and because of the wide scatter of the data,
they were not significant. However, since the kidneys
are usually enlarged in anuria, it seemed more
reasonable to express the DV's with respect to the
radiographically estimated renal volume. When the
compartments were expressed as nil per ml of kidney,
that of 24Na was found to decrease in anuria from
0.64 to 0.38 (P<0,005), whereas the DV of 51Cr-
EDTA remained unchanged. In the three patients who
were reinvestigated during the polyuric phase, renal
blood flow, the 24Na compartment and the 24Na/51Cr-
EDTA volume ratio rose again toward normal values.
These findings strongly suggest that in the anuria after
shock 4Na has no access to the tubules because gb-
merular filtration is suppressed [40].
The apparent contradiction between suppressed
filtration and the relatively well preserved total renal
blood flow in many cases remains to be explained. It is
unfortunate that in normal man the effective glomeru-
lar filtration pressure is not known. If the filtration
pressure is normally low, a moderate degree of
generalized afferent vasoconstriction might be suffi-
cient to stop filtration. However, if the filtration pres-
sure is normally high, additional efferent vasodilatation
would seem necessary. Our finding that the vascular
volume is but little reduced and the mean transit time
of indocyanine green markedly prolonged indicates
that the capacitance vessels are not constricted, and is
consistent with postglomerular relaxation. Further
evidence is provided by the results from clearance
studies done during the recovery stage of shock anuria.
During anuria and the early polyuric phase, clearance
measurements are unreliable, but later they permit a
reasonably valid estimation of renal function [41].
Interestingly, the filtration fraction may be reduced at
this time. Thirty-seven measurements of filtration
fraction were obtained from simultaneous inulin and
para-aminohippuric acid (PAH) clearances in 18
patients during recovery from acute renal failure
(Table 1). The mean values recorded prior to the 20th
day from onset (0.144), and between the 20th and the
40th days (0.167) were significantly different from the
normal mean of 0.195. After the 40th day there was a
trend toward normalization [40].
A reduced filtration fraction is usually indicative of
acute or subacute glomerubar nephritis and, less
frequently, of hydronephrosis [41]. in the shock kid-
ney there are no obvious glomerular changes and
tubular obstruction is not believed to play a role. Thus,
the low filtration fraction probably indicates that the
filtration pressure is decreased. It would seem rea-
sonable to assume that the filtration pressure is even
lower in the anuric phase.
Since renin and angiotensin are known to produce
Table 1. Filtration fraction in 18 subjects recovering from acute renal failure after shock (37 determinations)
Time from onset, days Normal values
(N=41)
—20 or less 21—40 41—60 61 or more
No. of determinations 11 15 5 6 203
Mean 0.144 0.167 0.182 0.194 0.195
SE 0.033 0.038 0.025 0.036 0.019
Significance of differences
from normal P<0.00l P<0.O01 P>0.05 P>0.4 —
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Fig. 1. Changes in renal blood flow (RBF) and blood pressure (BP)
produced in an anuric patient by the slow infusion of prostaglandin
E1 into the renal artery (7 to 17 pg/min), alone or in association
with intravenously administered norepinephrine (10 to 30 /Lg/min).
During the entire experiment urine flow (V) remained unmea-
surable. The RBF values refer to one kidney (dye-dilution
method).
efferent vasoconstriction [42], our data do not support
the hypothesis that these substances might be con-
cerned with the circulatory disturbance leading to
anuria [43], unless we assume that the local effects of
intrarenal renin are different from those of circulating
angiotensin. In contrast, the unusual pattern of af-
ferent vasoconstriction associated with efferent vaso-
dilatation might well account for the failure of renal
vasodilatators to promote diuresis in anuria, as these
substances predominantly cause efferent relaxation
[44, 45]. We hoped that potent renal vasoactive drugs
like prostaglandins A or E might be more useful, but
so far they have proved ineffective. Fig. I illustrates
one experiment in which prostaglandin E1 was in-
jected into the renal artery of a patient with acute
renal failure after shock (Reubi FC, Tuckman J,
Funk HU, unpublished observation). In this patient,
the blood pressure was 110/75 mm Hg and the total
renal blood flow measured by the dye-dilution method
was reduced to 99 mI/mm per kidney. Prostaglandin
E1 was given at a rate of 7 to 17 ig/min for 72 minutes.
Thirty minutes after the infusion was begun, the
blood pressure was 8 8/50 mm Hg and the renal blood
flow, 199 mI/mm. Norepinephrine was then admini-
stered intravenously at a rate of 10 to 30 jig/mm. The
blood pressure increased up to a maximum of 150/83
mm Hg and the renal blood flow rose further to 291
mI/mm. It returned toward control values after the
prostaglandin infusion was stopped. During the entire
procedure no urine was excreted and when the bladder
was rinsed, the washout fluid contained no measur-
able amounts of creatinine. Five days later diuresis
resumed spontaneously and the patient eventually
recovered.
As prostaglandin E1 increases renal blood flow
without consistently altering the glomerular filtration
rate in normal man and in animals [46—48], its failure
to restore diuresis in anuric subjects was not sur-
prising. It was, however, disappointing that prosta-
glandin was equally without effect when used in
combination with norepinephrine, since the latter is
assumed to elicit efferent vasoconstriction. Neverthe-
less, it is not unreasonable to hope that other drugs or
drug combinations might eventually prove to be
effective.
Reprint requests to Dr. F. Reubi, Medizinische Poliklinik,
University of Berne, Berne, Switzerland.
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